Abstract: This study investigated the electromyography patterns of shoulder and abdominal muscles during prolonged walking with loads in children. Fifteen Chinese children aged six performed four 20-minute walking trials on treadmill (speed = 1.1 ms-1) with different backpack loads (0%, 10%, 15% and 20% bodyweight). Electromyography signals from upper trapezius (UT), lower trapezius (LT) and rectus abdominis (RA) were recorded at time intervals (0, 5, 10, 15 and 20 minutes), and were normalized to the signals collected during maximum voluntary contraction. Integrated EMG signal (IEMG) was calculated to evaluate the muscle activity. Power spectral frequency analysis was applied to evaluate muscle fatigue by the shift of median power frequency (MPF). Overall results showed that 15% and 20% loads increased IEMG at UT and both UT and LT respectively. In prolonged walking, 15% and 20% loads increased IEMG at UT from 15 and 5 minutes respectively. With a 20% load, muscle fatigue was found at UT from 10 minutes and at LT from 15 minutes. No muscle activity changes or muscle fatigue was found in RA. It is suggested that a load within 15% of the body weight in a backpack was acceptable to children aged six for walking within 20 minutes. Overall results showed that 15% and 20% loads increased IEMG at UT and both UT and LT respectively. In prolonged walking, 15% and 20% loads increased IEMG at UT from 15 and 5 minutes respectively. With a 20% load, muscle fatigue was found at UT from 10 minutes and at LT from 15 minutes.
Overall results showed that 15% and 20% loads increased IEMG at UT and both UT and LT respectively. In prolonged walking, 15% and 20% loads increased IEMG at UT from 15 and 5 minutes respectively. With a 20% load, muscle fatigue was found at UT from 10 minutes and at LT from 15 minutes.
No muscle activity changes or muscle fatigue was found in RA. It is suggested that a load within 15% of the body weight in a backpack was acceptable to children aged six for walking within 20 minutes. children aged 11.7 years old surveyed, 79.1% felt that they backpacks were heavy, 31 65.7% reported that the backpack introduced fatigue to them, and 46.1% developed 32 back pain from daily backpack carriage. In Hong Kong, the Hong Kong Society for 33
Child Health and Development (1988) reported that 45 out of 812 (5.5%) surveyed 34 children had spinal deformity. The mean weight of their school bags was found to be 35 higher than the mean of the school bag weight of all 812 children. In 61 children 36 investigated in Pascoe's study (1997), the most commonly reported symptoms 37 included muscle soreness (67.2%), back pain (50.8%), numbness (24.5%) and abdominis, which was located anterior to the human trunk, was a representative of 83 trunk flexor muscle. As Cook and Neumann (1987) reported that the lumbar 84 paraspinal muscles were less activated when a load was added posterior to the body, 85
and were more activated when a load was added anterior, it is expected that the 86 antagonistic muscles in the trunk should be activated in a reverse way to compensate. 87
When loads are added posterior to the human body, it is expected that the rectus 88 abdominis might play an important role to bring the body back to an upright position. 89
Previous study showed that abdominis muscle was found significant to contribute in 90 spine stabilization, and a delayed onset of abdominis contraction results in a lack of 91 control of trunk muscles and develops low back pain (Hodges and Richardson, 1996) . 92
Muscle fatigue in abdominis may also result in a lack of control of trunk muscle. 93 Therefore this muscle is also selected. In this study, the effect of prolonged load 94 carriage in walking on muscle activity and fatigue in children was investigated. The were recruited from local primary schools. They used to carry two-strap backpack to 103 school daily. An orthopaedics physician examined all subjects to ensure that they 104 were free of musculoskeletal injury and pain before each trial. The procedures of the 105 whole experiment were introduced to the subjects and their parents before the test. 106
Informed consents from the subjects and their parents were obtained. The university 107 ethics committee approved the study. 108
109
Subjects were asked to come to the laboratory on four different days. There were a 110 total of four trials with different backpack loads for each subject. In each testing day, 111 each subject performed one trial in the morning. Before the trial, the subjects were 112 requested not to participate in any physical activities which may introduce tiredness. 113
The order of the trials was randomized for each subject. Each subject was instructed to perform maximum voluntary contraction (MVC) on the 136 selected muscles. Firstly, the subject was instructed to stand up and perform 137 maximum shoulder elevation, while the shoulder motion was restricted by depression 138 force on both shoulders provided by two adult research assistants to ensure an 139 isometric muscle contraction at upper and lower trapezius. Secondly, the subject was 140 instructed to lie supine on the floor, and perform upward and forward trunk flexion. 141
The trunk flexion motion was again restricted by two adult research assistants by 142 applying downward forces at both shoulders to ensure an isometric muscle 143 contraction at rectus abdominis. 
Treadmill walking test 155 156
After the MVC test, subject was asked to take a 30-minute rest to remove any muscle 157 fatigue. The resting time was to ensure the subject did not feel jaded prior to the 158 treadmill walking test. All subjects reported that they did not feel fatigue after the rest 159 and did not require extra resting time. A two-strap backpack was prepared with the 160 testing load by filling with objects that students usually bring to school, such as books, 161 pencil box, sweater, water bottle, sports wear and shoes. The fillings were arranged 162 symmetrically inside the backpack. The four testing loads equaled 0%, 10%, 15% and 163 20% of the subject body weight. Percentage weight instead of absolute weight was 164 used to provide normalization across subjects. 165
166
The subject was allowed to practice walking on the treadmill without the testing 167 backpack until he felt familiar and secure. Then the subject put on the backpack and 168 performed a 20-minutes wa lking on treadmill with a speed of 1.1 ms -1
. EMG signa ls 169 were collected during the walk at different time points (0, 5, 10, 15 and 20 minutes). 170
The duration of the EMG signal collection at each time point is one minute. In this study, the subject walking speed was set at 1.1 ms Electrodes were attached at this mid-point. 312
313
Before each trial, the subjects were asked to take a 30-minute rest to remove muscle 314 fatigue. After the rest, the removal of any fatigue was confirmed by verbal feedback by 315 the subjects. There was no fatigue test, biomechanical or physiological, to determine if 316 the muscle was really free of fatigue at that moment. In reviewing the literature about 317 muscle fatigue studies, it was found that the researchers often just described that the 318 subjects have taken a certain period of resting time before the trial. Only verbal 319 feedback but no quantitative measurements were done to confirm this. Physiologically, 320 researchers may collect blood sample and check for the lactate (Douris, 1993) or 321 creatine phosphate concentration (Westerblad et al., 2002) . Another method is 322 muscle biopsy analysis (Weston et al., 1999) . However these methods are invasiveand may cause wounds and bleeding to the subjects. As children subjects were 324 recruited in this study and they were less tolerant to invasive experiment procedure, 325 these methods were not employed. A 30-minute resting time plus a verbal feedback 326 was used to ensure the removal of fatigue before each trial. 327
328
Previous studies (Asmussen, 1979 , Westerblad et al., 1998 showed that in muscle 329 fatigue, the decline of forces in muscle fibers showed a three-phase pattern, which 330 usually lasts for less than ten minutes. In the first phase, the force fell rapidly to about 331 80% of the initial. In the second phase, there was a relatively stable force production 332 period. In the last phase, the force dropped rapidly again. However, in some less 333 demanding exercise where fatigue developed more slowly, this three-phase pattern of 334 force decline was not observed. In other words, if such pattern was observed within 335 ten minutes, the exercise task could be too demanding physically (Vollestad et al., 336
1988). 337 338
In this study, a load of 15% bodyweight introduced significant increased activity in 339 lower trapezius, and a load of 20% bodyweight introduced significant increased 340 activity and muscle fatigue in both upper and lower trapezius (Figure 2) . W hen the 341 load was 0%, 15% and 20%, increased muscle activity was found at 20, 15-20, and which is similar to the 10%-12% suggested weight recommended by Malhotra and 360 15% load or more introduced significant increased muscle activity. However such 362 increase does not necessary mean any harmful effect to the children. A load of 20% 363 load significant introduced muscle fatigue in upper trapezius in 10 minutes and in 364 lower trapezius in 15 minutes. No fatigue was found when the load was within 15% 365 bodyweight. Therefore, a load within 15% of the body weight in a backpack was 366 determined to be an acceptable task to children aged six, if only muscle fatigue is to 367 be prevented. If the load is 20%, the walking time should not exceed 5 minutes. 368 369
Conclusion 370 371
Overall results showed that a 15% body weight load significantly increased muscle 372 activity at upper trapezius and a 20% load significantly increased muscle activities at 373 both upper and lower trapezius. In prolonged walking, a 15% load significantly 374 increased muscle activity at lower trapezius from 15 minutes, and a 20% load 375 significantly increased it from 5 minutes. W hen walking with a 20% load, muscle 376 fatigue was found at upper trapezius from 10 minutes and at lower trapezius from 15 377 minutes. No increased muscle activity or muscle fatigue was found in rectus 378 abdominis within the 20% load range and 20 minutes walking period. 
